. Finally, when younger adults perform multiple tasks simultaneously (e.g., divided attention), frontal activity is attenuated and task performance becomes impaired paralleling that observed in older adults under full attention conditions
). Because of their consistent associaavailable resources. Evidence that context-dependent tion with episodic memory encoding in younger adults, under-recruitment is a plausible possibility comes from these three regions (labeled L BA 6/44, R BA 6/44, and studies which have shown that, during attentionally de-L BA 45/47) were selected for hypothesis-directed analmanding tasks, older adults benefit from cues or other yses in the present studies. explicit instructions on task strategies (Craik, 1977;  The current studies investigate the mechanisms unCraik and Simon, 1980; Park et al., 1990). External prederlying age-related changes in neural correlates of episentation of task strategies and cues is referred to as sodic encoding. Emphasis is placed on the specific fronenvironmental support. In the present studies, we test tal regions, mentioned above, that are consistently between absence and recruitment hypotheses by exassociated with successful episodic encoding in younger ploring whether diminished activation can be amelioadults. In Experiment one, younger and older adults rated during tasks that provide considerable environintentionally memorized words and faces. Experiment mental support for encoding.
two examined whether age effects in frontal resource A second form of inappropriate recruitment might exrecruitment observed in Experiment one could be amelist and relate to the activity increases that have been iorated by providing subjects with environmental supobserved in older adults. Nonselective recruitment port at encoding, e.g., by giving them an effective encodmight occur if multiple frontal regions are recruited but ing strategy of meaning-based (semantic) elaboration. in a manner atypical of healthy, younger adult task performance (see Cabeza, 2002 
; Reuter-Lorenz et al., 2001).
Results In the present studies, the level of nonselective recruitment in older adults during tasks promoting verbal and Experiment One nonverbal encoding is explored, as well as the degree Behavioral Results to which nonselective recruitment relates to activation Corrected recognition rates were computed as hits (redecreases. One possibility is that nonselective recruitsponding "old" to a previously studied item) minus false ment is directly associated with attenuated activation: alarms (responding "old" to an unstudied item). Mean to the degree appropriate regions are less accessible corrected recognition performance for word encoding (either because of absence or recruitment mechanisms), was 86.2% in young and 67.2% in older adults, t(24) ϭ nonselective recruitment may occur, perhaps as a form 1.96, p ϭ .06. Recognition performance for face encodof compensation (see Reuter-Lorenz et al., 2001 for dising was 82.3% in young and 38.4% in older adults, cussion). Alternatively, nonselective recruitment may be t(24) ϭ 3.99, p Ͻ .005. Using corrected recognition, older characteristic of aging independent of attenuated actiadults showed poorer memory performance than vation responses. In the present studies, the association younger adults, F(1, 24) ϭ 11.59, MSE ϭ 1102.96, p Ͻ between decreased activation in frontal cortex and non-.005. Memory performance was better overall in word selective recruitment is explored by determining whether than face encoding, F(1, 24) ϭ 12.00, MSE ϭ 287.80, they track each other across multiple encoding condip Ͻ .005. There was also an age group x encoding task tions and across different older adult age groups. interaction, F(1, 24) ϭ 6.95, MSE ϭ 287.80, pϽ.05, such Several findings regarding the specific frontal regions that older adults were differentially impaired in face associated with effective memory encoding in younger compared to word encoding. The poor memory scores adults provide a basis for the present studies. Brain for face encoding may be due, in part, to differences in imaging studies in younger adults have suggested at visual acuity between the groups as older adults, almost least three specific frontal regions that are involved in always, required magnet-compatible corrective lenses. episodic memory encoding (Demb et Figure 2B ). Using younger adults' mean regional activity levels as a baseline, under-recruitment was defined as less activThus, nonselective recruitment was observed for both verbal and nonverbal encoding. However, as noted ity in older adults compared to younger adults. In word encoding, as shown in Figure 1A , there was a main effect above, the findings from the nonverbal encoding condition should be interpreted cautiously because of the low of age group for the left frontal regions, F(1, 26) ϭ 6.24, MSE ϭ .04, p Ͻ .05. In particular, older adults signifibehavioral performance. Exploratory Analyses cantly under-recruited L BA 45/47, an area involved in meaning-based processing (see Figure 1A ; t(26) ϭ 2.94, Exploratory analyses based on whole-brain statistical activation maps reinforced the hypothesis-driven rep Ͻ .01). L BA 6/44 did not show a significant underrecruitment effect (t (26) ϭ 1.35, pϭ.19) . However, the gional analyses (Figure 3) . Figure 3A shows statistical their own self-initiated strategies, older adults do not fully recruit frontal resources associated with effective encoding strategies. In particular, recruitment differences occurred prominently (but not necessarily exclusively) in L BA 45/47, a region that has repeatedly been associated with semantic elaboration. Second, older adults recruit regions in a nonselective manner not typically associated with effective intentional encoding in younger adults.
Experiment Two
Several questions were raised in Experiment one. First, a key unresolved issue concerns the mechanism behind the loss of activation observed in L BA 45/47 in older adults. The observed decreases could be due to an irreversible loss of frontal resources (e.g., associated with atrophy or regional dysfunction). Alternatively, the decreases could be due to an ineffective recruitment of available resources. The latter implies a more contextdependent under-recruitment of available frontal resources, such that older adults could recruit left frontal resources to a similar extent as younger adults under more supportive encoding conditions. Second, it is similarly unclear whether nonselective recruitment is under the control of the subject and is related to an adaptive strategy (e.g., compensation) or reflects an irreversible pattern associated with aging. The alternatives were explored by contrasting frontal activation across three verbal tasks including two new tasks (deep and shallow incidental encoding) and the same intentional encoding task as used in Experiment one.
Behavioral Results
Performance is reported for both the scanned encoding tasks (for the deep and shallow incidental encoding tasks) and recognition following the scanning session (for all three encoding conditions). Task performance (e.g., abstract/concrete decisions) during deep and shallow encoding was high (above 90%) for both age groups for both tasks. In the shallow encoding task, there was no significant difference in task accuracy between younger (96.3%) and older adults (94.4%) adults, t(28) ϭ 1.53. In the deep encoding task, there was a trend toward a significant difference in performance between younger (94.3%) and older (91.0%) adults, t(28) ϭ 1.81, p ϭ .09. Overall, performance in the shallow encoding task was significantly higher than in the deep encoding task, t(29) ϭ 2.34, p Ͻ .05. With regard to response latencies, decisions made in the shallow encoding task (1071 ms) took longer than those in the deep encoding (Figures 2C and 2D) . initiated encoding. Thus, by providing environmental support that encouraged semantic elaboration, older Replicating Experiment one, during intentional encoding, there was an age group x region interaction, F(1, adults became much like younger adults in terms of left frontal activity levels. Memory performance improved in 28) ϭ 5.03, MSE ϭ .02, p Ͻ .05, such that older adults showed more bilateral activation in BA 6/44 compared the older adults but not fully to levels observed in the younger adults. to younger adults. As in Experiment one, nonselective were more bilateral; activity levels of L BA 6/44 and R BA 6/44 were almost equivalent in old-old adults, t(13) ϭ .25. Thus, nonselectivity emerged, in this study, only with advanced aging.
Of interest, the division by age may also provide another dissociation between under-recruitment and nonselective recruitment. Both young-old and old-old individuals appear to show under-recruitment of L BA 6/44 even though they dissociate in terms of nonselective recruitment (see Figure 4) . However, a t test showed only a weak trend for under-recruitment of L BA 6/44 in the young-old (p ϭ .18). To further explore this possible dissociation, L BA 45/47 was also examined by age (as noted in previous sections, L BA 45/47 showed the greatest effect of under-recruitment during verbal encoding). The mean percent signal change was .30, .10, and .09 for the young, young-old, and old-old adults for Table 2 for all of the verbal encoding conditions across the two studies. nificant, decrement in recognition score for the old-old (37.1%) as compared to young-old (42.6%) (corrected In both studies older adults showed a deficit in recruiting frontal resources associated with effective verbal recognition scores for this comparison were weighted by the number of subjects from each experiment).
encoding strategies when left to execute their own strategies, that is, during intentional encoding. A key quesThe fMRI data showed an interaction between age group and region [F(2, 55) ϭ 7.22, MSE ϭ .02, p Ͻ .005]. tion of the current study was whether such frontal activity losses in older adults reflected a true absence of As shown in Figure 4 , both young and young-old adults showed patterns of left lateralization in recruiting frontal frontal resources, or rather reflected an ineffective utilization of available frontal resources, compared to regions, i.e., activating L BA 6/44 significantly more than R BA 6/44, [young, t(29) ϭ 5.76, p Ͻ .001; young-old younger adults. In Experiment two, providing environmental support by requiring semantic elaboration during t(13) ϭ 8.36, p Ͻ .001]. By contrast, the oldest adults 
General fMRI Data Analyses
Neuropsychological Testing Functional data were first preprocessed. Each volume within each Neuropsychological tests were administered to older adults as part run was corrected for odd/even slice intensity differences and then of their ongoing participation for the ADRC or separately in a 2 hr corrected for motion between volumes using a rigid-body rotation session (for those participants recruited from the general commuand translation correction (Snyder, 1996) . To account for betweennity). Four participants from Experiment two were not tested. Memslice timing differences induced by differences in acquisition order, ory was assessed with the Wechsler Memory Scale (WMS; Wechsler the data were interpolated using ideal sinc interpolation. -ventral) , respectively. The third high-resolution color faces were presented. Two sequential word right frontal region's peak location was 43, 3, 32, corresponding to encoding runs were performed by each subject, counterbalanced R BA 6/44. Regions including all activated voxels within 12 mm of with two similar face encoding runs using identical presentation each of these peaks were then generated. Regions are shown in parameters except that unfamiliar faces were presented as stimuli. Figure 6 .
Immediately following each run, within the scanner, memory perforUsing data from the present study, magnitude estimates were mance was tested using a fixed-paced old/new recognition test in computed for each of these regions for each condition within each which participants pressed a single button when they saw a presubject. Individual magnitude estimates were then entered into staviously studied item. tistical analyses based on a random-effects model. These tests were constructed, where possible, to include either a region-by-group or condition-by-group interaction. The reason for examining interacExperiment Two Eighteen younger adults (mean age ϭ 25.0 years, range 18-31; 6 tions is that such analyses are less affected by baseline differences in hemodynamic response properties, such as might be observed male) and 16 older adults (mean age ϭ 72.2 years, range ϭ 61-82, 3 male) performed three tasks: intentional encoding, shallow incifor between-population comparisons either because of intrinsic
